RO HHERE
B B w B R

PCT R BT S T AR S 7 EIRE
(51) ER%H5RET (11) ERARES WO000/52033
CO7K 5/12, A61K 38/12 Al
(43) EFRABA 20004E9 A 8 A (08.09.00)
Q1) ERHEES PCT/IP00/01141 | (74) (REEA
EAHEE, SMHIRAKI, Yusuke et al.)
(22) EBRHER 2000472 /128 H(28.02.00) | T105-0001 BRE#EIE /M—THI7EIE

72/ P952% £ /L3F Tokyo, (JP)
(30) EEHET—4

RFERIE11/53851 199943 A 2H(02.03.99) JP| (81) HEH AU, CA, NO, NZ, US, ZA, BRINAESF (AT, BE,
CH, CY, DE, DK, ES, Fl, FR, GB, GR, IE, IT, LU, MC, NL, PT,

(1) HEBEA CKEZERS T XTOBEBRSWT) SE)

B Oy vz

(JAPAN ENERGY CORPORATION)[JP/JP] T ARBE

T 105-8407 HEBHEE R/ FI=T B10%1%5 Tokyo, (JP) ERRENEE

(72) BHF , BLV

(75) BHE/HBA CKEIR2S\WTOXR)
FEEFEFI(NISHINO, Norikazu)[JP/JP]

T 808-0104 &M R ALILIN i35 #2 X & F 1-6-6 Fukuoka, (JP)
EHE  FR(YOSHIDA, Minoru){JP/JP]

T334-0059 3 E R O ATE1T655F 121 Saitama, (JP)
22 RIE(HORINOUCHI, Sueharu)[JP/JP]

T 135-0044 FRITEBILI XL £51-3-16-403 Tokyo, (JP)
/MRYRZ(KOMATSU, Yasuhiko)[JP/JP]

T335-8502 MERFAHFEE=T B17H35E
BREH Pz P—P Saitama, (JP)

(54)Title: NOVEL CYCLIC TETRAPEPTIDE DERIVATIVES AND USE THEREOF AS DRUGS

GHENADOEFE  FHRLBRRT b7 X7F FHEEE L 2 OEEAR

o)
7—< H
O R3 ~ N\
N HN . OH
Rez 0 M
Ro; 0
o Ry

(57) Abstract

Cyclic tetrapeptide derivatives represented by general formula (I) or pharmaceutically acceptable salts thereof: (wherein Ry; and Ry,
are each independently hydrogen, linear C,-Cg alkyl to which a nonaromatic cycloalkyl group or an optionally substituted aromatic ring may
be bonded, or branched C3-Cg alkyl to which a nonaromatic cycloalkyl group or an optionally substituted aromatic ring may be bonded; and
R, and R; are each independently linear C,-Cs alkylene which may have a C,-Cg side chain, and the side chain may form a fused ring
structure on the alkylene chain). Histone deacetylase inhibitors, MHC class I molecule development promotors and drug compositions,
containing as the active ingredient the above tetrapeptide derivatives or pharmaceutically acceptable salts thereof.
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ThRVHNVKRZNE) £RE-B (RVINVAFTHANE=ZNE) | 10
WRFVIVERED =D i3tert-TFIVT A5 )V % vy, DCC/HOBtEE Iz & V)
MET D, T/, L-EIIEFBEFPI-CARIC L > THMBTAICKREL. Brltx
BERUAR ZV-T7IVEULTEYKEAVWTEHBIFVFICHM TS,
HBEPOEIR L 2 ERMOMRY * EELIREORDBEITH VS,
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LHREFEHERT D IRTFRREIVATFYNVASLAERA VS 75y varn
XNTT 74—k oTHETS,

(LR2) BAEFREICLIIBRRRTF FOEK

MY ZVADOEBRERCT., LERSFREHRKT b5 TF FOBoc-BE RV
tert-7 FIN T AT NVOKRE (BRE) 2175, ERPIE. RIBE»S b V7
VADOHMEEER, T—TIVRUAHI—FTNTELL, EEGZET S,

—#gX (VIII) TRENBARTF REAFERD]/I0E % DMFIZEMRELO. ImM
DEEBIZLEELDIZRET S, IMFEBITKST. =87 I V. HIXIE

AV 7OENITFIVT IV RUHATU (0— (7—Azabenzotriazol— 1 —yl)—1,
1, 3, 3—tetramethyluronium hexafluorophosphate) #*#i1X. E®E T304
WPT5. 5l&meE. MALOMFEBRIZ, —=\ (VIII) TRENBZRTFK
FRFEEDI/IELIAV7OENIFINT I VEUHATURXEML. BET
0 MRAFT 5. AIROBELFIOEBZYVRELBILERIGRTY. RIEKRT#.
RIGERY (BRARTFR) £BBTFIVRICHBL, YVAXNVASLER
WBT75wasuv b5 74 —IlLkoTHET S,

(CE3) fll#ie FOFY ABEBEDHE A

LERBRARTF ROMMBAR U INZZATIIE, AR ) — ) hPd-CIZ & -
TEMBTAIIBREL, AZ ) —IVEBEELU%, EEERL, WVEVERE
LTk B 5.

B DBEREIC IV ELNAAEIINVEYBOBRAR T F L&Y KR UHOBt
ZDMFIZESEL, KT ROFINT7TIVEBE, PVZFLTIV, RO
TBOPERAFE Z MU 1 RRMFEH L, RIGKTH., IMFEEEL, KTTHVT
= aVETOLE, ERBERIILD. BRESYOREHEKRELEBS., Z0H

EBREKEDBOAY ) —IVIZEBRL. HPLCTCEIMEANIS A BV THERL.

REHBRITEI DB (1) TRINZENYEBS,

FREAO—KN (I') . (I'") . (I'") TRINDZBBRFISRTFEK
HAEKIIELTE, B S TOLRLICRUT, HROT MSRTFROERE
TV, ROT, IR2OFGEEFMALTRRT bPIATFREL, S5 I

12
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ANEFTNEETRIICHUT, WML KOS9 ARMEIIERTS LT
AT I EeHNTES,

EROSHREICMA, ERASTIE. EHACSVT. SHMICRTERS
RERRALASECL) BRERFS LB TES,

ARAOBRKT M5 AT F KBUBOBENIHESNBEL L. §iI AL
BEME RTEREFLEUBUATR. BRELCOBRENEAINGE
BB Of. BEUEL L ORENCHBI NI ERBE OELERT S,

AFEFOMIC class— |9 FREDEN T, ETHRIL~MYEKMIZL Kox
FAMME (L ROFYT 3 hUEZ V) 2 RBOBRS N5 <TF K
SEEEPRALTEEDOTHY . RBRACFET LS Y, BhrREEESY
£ HT B, TOMC class— [ FREUBEERIE. LANVTFTEF5 — VB
FREEFEEICHBETIEDTHEH, L ROFHABmEBERR > N axaF
VAXRAUL. COMERTHMELDTHEEALNG, £/, B EER
ECRELRBLANVTTEF 5 —YERMEAKCEET 2 MERIEHEE.
MEAHOMEEROARLY, BEINLMIC class— I FREAICEET 3.
MR T MBS+ 5 MMB DALY 1 )b A R O HER 15 F 48
MARBET, BORRDE S AT IHEEHO, MAT, Fasz E s
THE NS KT VEBHB L BT 5 & &, ERAMMRICT 5EIERS,
ERICHTBRELNAL TS HBORENO L. BRDRERLTS L &,
B 2B KIECERS AR L LTORA EEI D, Bio, &
RECBVTRRELASERESE A a-T 3 HMEMABPETE KO
FABMMEERT SRR NS RTF REMBETHIEI0E), FhoOo—Aa
P-ASOSDRBEERICLET IV I EZHIIV. RN TOREMICEN:
aMERDZ LIBEENS,

RBADERMRYIE. FIROMHC class— |9 FREBEA L AM L TH
ROREERTELDTHEH, HYHRDP LR ZBRT F5RTF KBEEGD
BRI TORKEN, EROBE. RENKEOKR. £ HEZIEL
THAREE NI LD THE, RENEENRABFTHEES. 10~

13



WO 00/52033 : PCT/JP00/01141

DHE%20. 1~50mg "k gD#E., #EL < 0. 5~10mg k
gDHEANIESDOA—RHTHY ., WENZ AT TRETILHFELY, 20D
ERERDIE. FIRDELRDIBRT PSARTF RFHUEKIZZDEDORTF K
RICEMRACAB SN BMAZMA T, BRERBICHTIHBLTE L
PTED, HEEAEIBELEDTHIDT, $HOBRERBRIFETZ L
MARETH B, RTF RBNVEVLREDREIISRINZBERE, BE5R
BERMBDOMBEFE LW,

EHEf)

FREADRRT PIRTF RFHEGA L TOREFE. B, ZBRF NS
RTF RFHGEOEToENEBEME, BIb. MIC class— I FRE(EE
ERARUTLEAD VYT T F S —VBRMEE®RICEND I L £ BEHIZ X VU
Y5,

B8, FRRBOT I/ BREOKRSIE. ROT I /VBOBELEKRTS,
Aib:2-7 X /) A VESEE. Asu(NHOH):2-7 3 J-8-L ROXH I KAV & Vv _E,
Acc5:1-7 I /o o0RVAU-1-HNVEVE, Accb: 1-7TI /v rOnxdy
“1-AWVAR VB, AceT: 1-7 303 20~TH2U-1-HIVKVE. Ace8: 1-7 3
Joo0X IR -1-ANVKEVE, Ainl-73I )4 XU-1-HIVEVE.
2Ain: 2-7 X ) A VA U-2-HNEVE, Pip:¥' 1) VEE. Cha: 7327
ONFINT FT=Vv
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(£#%#f1) CHAP-15; cyclo ( -L-Asu(NHOH)-Aib-L-Phe-D-Pro- )D& X
CHAP15

NH

v

I#1 Z-L-Phe-D-Pro-0tBu

Z-L-Phe-OH ( 2.25 g, 7.5 mmol ), H-D-Pro-0tBu ( 0.862 g, 5.0 mmol )
#DMF ( 10 mL ) IZ¥FfEL. k¥ THOBt H,0 ( 766 mg, 5.0 mmol ), BOP
(3.3g7.5mmol ), NUZFNT7TI>Y (1.75mL, 12.5 mmol )% i X, 28%
REP L2, KISHKEBHEE, BT FIVICERL, 0% T8, 4%
NalC0,& & SR IEK CIHR % U 7=, #EKMgS0, THI8%. M. Wiy
¥72vvavYaArnoovw s 57 44— (CHCl, / MeOH=99 / 1) TH&
U. REEWL.403 g ( 62% )2 WRME L L THE,
Rf=0.83 ( CHCl, / MeOH= 9 / 1)

I%*2 H-L-Phe-D-Pro-0tBu

Z-L-Phe-D-Pro-0tBu (1.403 g, 3.1 mmol ) %Pd-C% AV THEEEED. HEALE
TICLDIEEREU . 10BRMRIE 21TV, Pd-C% 58 U BrE & i, 4%
NaHCO, THH U BFB T F W ITHAM U 7. FlHER % Na,CO, CREIEIE. MM, 1EE

15
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{t&#0.853 g, ( 86% )*%1§7-.
Rf= 0.50 ( CHCl, / MeOH= 9 / 1)

T3 Z-Aib-L-Phe-D-Pro-0tBu

H-L-Phe-D-Pro-0tBu ( 0.853 g, 2.68 mmol ) & Z-Aib-0H ( 954 mg. 4.02
mmol )% LEETLRBIDHEIZEUMBE L, MRBE 7S5y a vy hs Ny
oY hZ5 74— (CHCl, / MeOH= 99 / 1) TH®IL . =ERE&W1.23 ¢
(85% %187,
Rf= 0.75 ( CHCl, / MeOH= 9 / 1)

T4 H-Aib-L-Phe-D-Pro-0tBu

Z-Aib-L-Phe-D-Pro-0tBu ( 1.23 g, 2.28 mmol ) %Pd-C#% i\ CEiie .
BABTICEIVIELREL 2, 108REKIS % 1TV, Pd-C% M8 U Brds & 1
. 4%NaHCO, THM UREBE T F)VIZHIH U 7=, R % Na,C0, CEZ IS, IR,
BRLAO0.726 g 1.80 mol ( 79% )% {87, o
Rf= 0.50 ( CHCl, / MeOH= 9 / 1) '

I#5 Boc-L-Asu(0Bzl)-Aib-L-Phe-D-Pro-0tBu

H-Aib-L-Phe-D-Pro-0tBu ( 0.726 g, 1.80 mmol ) & Boc-L-Asu(0Bz!1)-0H
(1.02 g, 2.70 mmol. ) % ERTRIDFEIZLIVHEE LA, WRBET7S vy
a2VYVATNIOT TS5 74— (CHCL, / MeOH= 49 / 1) THRIL. E3fk
E1993 ng (72%) %/ 7=,
Rf= 0.71 ( CHCl,/ MeOH= 9 / 1)

T#6 H-L-Asu(0Bzl)-Aib-L-Phe-D-Pro-0OH. TFA
Boc-L-Asu(0Bz1)-Aib-L-Phe-D-Pro-0tBu ( 993 mg, 1.30 mmol ) IZ h VY 7

VA OB (3 nl) KB TTHMX. BocEBLUBE=ZTF NI AT VDRKRE

Z2REERTHT o>~ NI INVAOEBEXEE T—-FIBLIUTRHI—F

16



WO 00/52033 PCT/JP00/01141

N (1:5)TEMEL. EEHEIEL /-, ER{EHWT3Tng, (18%) %187,
HPLC: Rt=8.66 min (column: Wako pak C4, 4.6x150 mm, 30-100% linear
gradient

CHCN / 0.1% TFA over 30min, flow rate 1.0 mL / min )

T#7 cyclo (-L-Asu(0Bz1)-Aib-L-Phe-D-Pro- )
H-L-Asu(0Bz1)-Aib-L-Phe-D-Pro-OH TFA ( 30 mg, 0.042 mmol ) % DMF
(400 mL) (ZHAMREE, 0.1 tMOBEEIZR B L SBE L2, DNFEKIZI0%
DIEA/DMF ( 0.3 mL, 0.17 mmol )& & UFHATU (25 mg, 0.066 mmol ) % iNX.
ERTIODMBHF Lz, CORELEHENMGVRUBERIG 21Tk, RIGK
THRERGEEZBREU, BT FIVICHERIE, 10% 7 T V. 4%NalC0,3 &
UM BEK TIHRESE U 2, &AKMgS0, Tezigtk. BB mRPxo75v Yy
AVYAFANIET NS5 T 4 — ( CHCL, /MeOH=99 / 1) THIBL. HEALA
151 mg (61%) %18/-.
Rf=0.78 ( CHCl, / MeOH=9 / 1)
HPLC: Rt=18.15 min (column: MS GEL C18, 4.6x150 mm 30-100% linear
gradient

CH,CN / 0.1% TFA over 30 min, flow rate 1.0 mL / min )

- L¥8 cyclo (-L-Asu-Aib-L-Phe-D-Pro- )

cyclo ( -L-Asu(0Bzl)-Aib-L-Phe-D-Pro- ) ( 151 mg, 0.256 mmol )% X
R ) =) mLIZEREE, PA-CEAWVWTEMBRICEYVRVINVIATIVEE
BREUZ, SHBRISETV, PAd-CREBL AKX ) —ILEEKL, ERED
124 mg (97%) %187-.
HPLC: Rt=6.32 min (column: Wako pak C4, 4.6x150 mm, 30-100% linear
gradient

CH,CN / 0.1% TFA over 30min, flow rate 1.0 mL / min )

17
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I#9 cyclo (-L-Asu(NHOH)-Aib-L-Phe-D-Pro- )

cyclo ( -L-Asu-Aib-L-Phe-D-Pro- ) ( 124 mg, 0.248 mmol ) %*DMF (3
ml ) ICBRRUKST., e FOFVI)V7 I iEEE (86 mg, 1.24 mmol ),
HOBt H,0 ( 57 mg, 0.372 mmol ), BOP (165 mg, 0.372 mmol )% fXx. hV
TFNT7IY (0.24 nl, 1.74 mmol ) &ML 7=, 2RFRIHAE. RIS %R
fLImLE U720, LH-20 (2x85cm) 5 A (VS HEDMF) I X D RERIL /-, 3
FERZBRIZ L VR EWIS mg (T4%) %157-.
HPLC: Rt=16.32 min (column: Wako pak C18, 4.6x150 mm, 10-100% !linear
gradient CH,CN / 0.1%TFA over 30min,. flow rate 1.0 mL / min )
FAB-MS: m/z=516 ( M+H )+

(EHEH 1) CHAP -54; cyclo ( - L-Asu(NHOH)-Acc5-L-Phe-D-Pro- )D&
B

NH

HO
LEECHAP-15D S RRIEIZE U AR L 7=,
HPLC: Rt=17.04 min ( column: MS GEL C18, 4.6x150 mm, 0-100% linear

18
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gradient CH,CN/0.1%TFA over 30min,.flow rate 1.0 mL / min )
FAB-MS: m/z=542 ( M+H )+

(KM 2) CHAP -55; cyclo ( -L-Asu(NHOH)-Acc6-L-Phe-D-Pro- ) D&
B

NH

s

HO
EERCHAP- 15D & kI #E U &M L 12,

HPLC: Rt=18.25 min ( column: MS GEL C18, 4.6x150 mm, 0-100%linear

gradient CH,CN/0.1%TFA over 30min,.flow rate 1.0 mL / min )

FAB-MS: m/2=556 ( M+H )+

19
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(EZHEH 3) CHAP -71; cyclo ( -L-Asu(NHOH)-Acc7-L-Phe-D-Pro- ) &
B

LFCCHAP- 15D EBIEICE U AR L 7.
HPLC: Rt=19.24 min ( column: Wako pak C18, 4.6x150 mm, 0-100% linear
gradient CH,CN / 0.1%TFA over 30 min, flow rate 1.0 mL / min )
FAB-MS: m/z=570 ( M+H )+

20
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(ErEH4) CHAP -76; cyclio ( -L-Asu(NHOH)-Acc8-L-Phe-D-Pro- ) O &
X

L ECCHAP-1SD S RIEIZHEE U AR L /=,
HPLC: Rt=18.72 min (- column: Wako pak C18, 4.6x150 mm, 0-100% linear
gradient CH,CN / 0.1%TFA over 30 min, flow rate 1.0 mL / min )
FAB-MS: m/z=584 ( M+H )+

21
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(EHEH 5) CHAP -81; cyclo ( -L-Asu(NHOH)-2Ain-L-Phe-D-Pro- ) O &

BX
0
S
o\ NH N\/\L
NH  HN o
o]
o
NH
HO/

EEECHAP-15D ERIRITHE U AR U 7=,

HPLC: Rt=18.20 min ( column: Wako pak C18, 4.6x150 mm, 0-100% linear
gradient CH,CN / 0.1%TFA over 30 min, flow rate 1.0 mL / min )

FAB-MS: m/z=590 ( M+H )+

22
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(EHEH 6) CHAP -82; cyclo ( -L-Asu(NHOH)-1Ain(f)-L-Phe-D-Pro- )®
& B

NH

a /

HO iz HO
LECCHAP-1SOERREIZEE U ER U=, (lAin(f) ik, EHBEH 7 DlAin(s) &
BBRIZ, 2-T7 I )4V X 2V ANVEKRVEET, HPLCTHIHFIZLEL . BHFITELLBYE
INB3EDT, UEHEEIZERENHBE I LIZHBEL TWBEA, SLEOKE X

ETETWVEW)
HPLC: Rt=16.26 min ( column: Wako pak C18, 4.6x150 mm, 0-100% linear

gradient CH,CN / 0.1%TFA over 30 min, flow rate 1.0 mL / min )
FAB-MS: m/z=590 ( M+H )+
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(EHH7) CHAP -83; cyclo ( -L-Asu(NHOH)-1Ain(s)-L-Phe-D-Pro- )®
=957

O,
(o]

NH NH

/ it 4

HO HO'

L ZECHAP-15D ERIKICHE U S L 7=,
HPLC: Rt=17.13 min ( column: Wako pak C18, 4.6x150 mm, 0-100% linear
gradient CH,CN / 0.1%TFA over 30 min, flow rate 1.0 mL / min )
FAB-MS: m/2=590 ( M+H )+
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‘ (EH#EH8) CHAP -91; cyclo ( -L-Asu(NHOH)- 2Ain-L-Phe-D-Pip~)D&
B
L EECHAP-15DERRIEIZE LS L 7=,
HPLC: Rt=19.07 min ( column: Wako pak C18, 4.6x150 mm, 0-100% Ilinear

q

gradient CH,CN / 0.1%TFA over 30 min, flow rate 1.0 mL / min )
‘ FAB-MS: m/z=604 ( M+H )+

(EREH 9) CHAP -90; cyclo ( -L-Asu(NHOH)- Acc8-L-Phe-D-Pip-)D &
X

NH

v’
L CHAP- 15D LK U AR L 72,
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HPLC: Rt=20.08 min ( column: Wako pak C18, 4.6x150 mm, 0-100% linear

gradient CH,CN / 0.1%TFA over 30 min, flow rate 1.0 mL / min )
FAB-MS: m/z=598 ( M+H )+

(ZHEH 1 0) CHAP-86;cyclo(-L-Asu(NHOH)-D-Cha~L-1le-D-Pip-).
CHAP-87;cyclo(-L-Asu(NHOH)-D-Cha -L-1le-L-Pip-) D& K

NH

HO'

CHAP86 CHAP87

TI#I1 Boc—L—Ile-—D,L—Pip—Oi%zl

Boc-L-I1e-0H 1/2 H,0 (3.92 g, 16.8 mmol). H-D,L-Pip-0Bzl HCl (3.57 g,
12 mmo1) 35 & TFHATU (7.75 g, 18 mmol) % DMF (15 mL)IZBMX ¥, K¥E TFEL,N
(4.76 mL, 30 mmol) % MNX., REEETHRL /-, RIGE:*BEE. BBTF
V(120 nL) THIH L. 10% 7 TV BEKBIR. 4%NalCO,KBK, SMAHEKT
ENTN2EGEFRL., WEEY 732V LA TERE, BBIFVEEELE, H
EHRE. TS5y asOT RIS T4 — (3.5x 20 cn. BB CHCL, /
MeOH=99 / 1)z & » T# 8 LBoc-L-11e-D, L—Pip;Ole (5.90 g, 13.8 mmol,
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WER 97% )Mk %187,
Rf=0.50 (CHCl, / MeOH=49 / 1)

T2 Boc-D-Cha-L-Ile-D,L-Pip-0Bzl

Boc-L-1le-D,L-Pip-0Bzl (432 mg, 1 mmol)%TFA (3 mL)IZ¥EREL . KBTF
JOAMEL 7=, RIGH % EEHK. ME TR LH-L-11e-D,L-Pip-0Bz] TFA
(638 mg, IV 144%) %187/, Th%, DNF (5 nL)IZ#AEE ¥, Boc-D-Cha-OH
(326 mg, 1.2 mmol) % fNX. #\ Tk F HOBt H,0 (230 mg, 1.5 mmol, 1.5
4H&), Et;N (0.52 mL, 3.7 mmol, 3.7 %4%&), BOP (663 mg, I.Smmdl, 1.5%
B)EmX. ERTISHMHRL A, RIGHEZMRBL 2%, BEBTFIV (100
mb) T U, 10% 27 TV BKB]KR. 4%NaHCOKiEK, BMREAKTEAEN
2ERE L. MBI A2V ATEBS, BBRIFLVEEELL, HEHGE,
772v2arznaxw b IS5 74— (2.4 x 14 cn, BEIEE CHCl, / MeOH=99 /
2 & > TH B LBoc-D-Cha-L-11e-D,L-Pip-0Bzl (565 mg, 0.96 mmol,
96%)7 + — LR R/,
Rf=0.27 (CHCl, / MeOH=49 / 1)

T3 Boc-D-Cha-L-Ile-D,L-Pip-0H

Boc-D-Cha-L-1le-D,L-Pip-0Bzl (565 mg, 0.96 mmol) %MeOH (10 mL) - /&f2
U. Pd-CAEEE (250 mg) & NX . KE[M T CISKHEHBE LRV I NI AT N
HEBRELUKL, PA-CHE LB L 1%, MeOHE2 X UKEZER LT, Boc-D-
Cha-L-1le-D,L-Pip-OH (459 mg, 0.93 mmol, U= 97%) 7 4+ — AR % B/,

I#4 Boc-D-Cha-L-Ile-D,L-Pip-L-Asu(0Bz1)-0Tmse
Boc-L-Asu(0Bz1)-0Tmse (535 mg, 1.1 mmol, 1.2M&)IZKETFTFA (3 L)
EMA. OSMEETHELBocEDORERY B ko7, TFARER. BRETYE
& UN-L-Asu(0Bz1)-0Tnse TFA WiR¥I %87, N EDMF (5 nl)ic ARES .

Boc-D-Cha-L-1Ile-D,L-Pip-0H (459 mg, 0.93 mmol) % fNX. H\VTKHETF
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HOBt H,0 (213 mg, 1.4 mmol,1.5 %&), BOP (616 mg, 1.4 mmol, 1.5 ¥ &),
Et,N (0.48 mL, 3.5 mmol, 3.7 H¥B)%2MA. ERTISKRHAREL -, RIGK
RIRIEL <%, BEE TSV (100 nl) THIB L. 10% 27 TUBKEK, 4%
NaHCO K iE ik, SAMAREKTZENEN2EGKE L. BB~ 722 Y A TEBRE,
BT FIVEEELE, BEERERE, 75y varavehr57 40— (2.4x
20 cm, BRIV CHCl; / MeOH=99 / 1)IZ & - THE L Boc-D-Cha-L-11le-
D,L-Pip-L-Asu(0Bz!1)-0Tmse (813 mg, 0.93 mmol, X=:L 100%) Mk %15/,
RfF=0.20 (CHCl, / MeOH=49 / 1)

T #5 H-D-Cha-L-Ile-D,L-Pip-L-Asu(0Bz1)-0H TFA

Boc-D-Cha-L-Ile-D, L-Pip-L-Asu(0Bz1)-0Tmse (813 mg, 0.95 mmo!) %* DMF
(2 mL)IZ¥5f2 L. IM tetrabutylammonium fluoride THF&#% (4 mL, 4 mmol,
AHB)ZMAZERTIOTHREL 2. KIGKREBEMHL A%, 10% 27 TV BKEKR
AT, BT U 2%, BT 7V (100 nl) THE L2, BFBTF VB8 %41
MEHFAKT2E®E L. BREY XDV ATHREIE. BFBRIFNVE2EEL -,
HZEF /%%, Boc-D-Cha-L-Ile-D,L-Pip-L-Asu(0Bz1)-0H (696 mg, 0.91 mmol,
IR 97%) %18 /-. Boc-D-Cha-L-1le-D, L-Pip-L-Asu(0Bz!1)-0H (696 mg, 0.91
mmo 1) IZK ¥ TFTFA (5 mb) %2 i X, 302 FIEETHE LBocEDBRELB I ko
7. TRAEEZ, T—F)V-GMI—F)V (1:10)xMAE(E . EE. RE
T8k L. H-D-Cha-L-Ile-D,L-Pip-L-Asu(0Bz1)-0H TFA (752 mg, 0.91 mmol,
IR 100%) 218 7/-.

IT#6 cyclo(-L-Asu(0Bz1)-D-Cha-L-11e-D,L-Pip-)
H-D-Cha-L-1le-D,L-Pip-L-Asu(0Bz!)-OH TFA (752 mg, 0.91 mmol) % DMF (5
nL)IZAEMEL. TOW] nL%DMF (455mL, 0.4 mM)!Z A4y, HATU (104 mg, 1.5
4&), DIEA(0.63 mL, 44 E)MDMF (10 mL){EM 1 nL % iNA. EETIEH
WU, AROBRELSERVIEL, BIURB:2To~. RIDEE2BEL -
#%. B¥EETF )V (100 mL) THIE U, 10% 2 = > BKBHK, -4%NaHCO, KB K.
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MMAEKTENTN2E®E L. BB/ AV VLA TREE. BRI FILVE
BHEU, REER®R, 75vy>a2/0v% b 774~ (2.4 x 40 cn, EH
VB CHCl, / MeOH=99 / DIz & > T #ERE Lcyclo(-L-Asu(0Bz1)-D-Cha-
L-11e-D-Pip-) (90 mg, 0.14 mmol, IN=: 18%). cyclo(-L-Asu(0Bzl)-D-Cha-
L-Ile-D,L-Pip-) (200 mg, 0.31 mmol. WK 40%) % §7-.
cyclo(-L-Asu(0Bz!)-D-Cha-L-11e-D-Pip-)

Rf=0.45 (CHCI, / Me0H=9 /1)

HPLC : Rt=19.40 min (column : wakosil 5C4, 4.5 x 150 mm, 37-100% Iinear
gradient CH,CN / 0.1% TFA over 30 min) |
cyclo(-L-Asu(0Bz1)-D-Cha-L-Ile-L-Pip-)

Rf=0.45 (CHCl; / MeOH=9 / 1)

HPLC : Rt=16.80 min (column : wakosil 5C4, 4.5 x 150 mm, 37-100% linear
gradient CH,CN / 0.1% TFA over 30 min)

I#7 cyclo(-L-Asu(OH)-D-Cha-L-Ile-D-Pip-),
cyclo(-L-Asu(OH)-D-Cha-L-11e-D, L-Pip-)

cyclo(-L-Asu(0Bz1)-D-Cha-L-1le-D-Pip-) (90 mg, 0.14 mmol). cyclo(-L-

Asu(0Bz1)-D-Cha-L-Ile-D,L-Pip-) (200 mg, 0.31 mmol) % FH FhMeOH (5

mL), MeOH-DMF (10 : 1)IZiEfRL . Pd-Cft (250 mg) 2 fNX. KEKRTT

ISRREHB LRV INTIATFIVELREL A2, PA-CRUEAXHBL %, Bift%

HAELUEZEER LU T, cyclo(-L-Asu(0H)-D-Cha-L-11e-D-Pip-) (76 mg, 0. 14

mmol, YU 85%). cyclo(-L-Asu(OH)-D-Cha-L-1le-D,L-Pip~) (170 mg, 0.3l

mmol, YN 99%) %18 /=,

cyclo(-L—Asu(OH)-D-Cha-L—_I le-D-Pip-)

HPLC : Rt=12.64 min (colﬁmn : wakosil 5C4, 4.5 x 150 mm, 37-100% linear

gradient CH,CN / 0.1% TFA over 30 min)

cyclo(-L-Asu(OH)~D-Cha-L-Ile-L-Pip-)

HPLC : Rt=9.48 min (column : wakosil 5C4, 4.5 x 150 mm, 37-100% linear
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gradient CH,CN / 0.1% TFA over 30 min)

I8 cyclo(-L-Asu(NHOH)-D-Cha-L-1le-D-Pip-),
cyclo(-L-Asu(NHOH)-D-Cha-L-11e-D, L-Pip-)
cyclo(-L-Asu(OH)-D-Cha-L-11e-D-Pip-) (76 mg, 0.14 mmol, ). cyclo(-L-
Asu(QH)-D-Cha-L-11le-D,L-Pip-) (170 mg, 0.31 mmol,)%. FHFNDMF (3
mL) {2732 L. HOBt H,0 (LDLD4% : 32 mg, 0.21 mmol, 1.5%&, LDLD,LDLL
mixturefk : 71 mg, 0.47 mmol, 1.5 ¥4E&). NH,OH HC! (LDLDf : 49 mg, 0.70
mmol, 5% &, LDLD,LDLL mixturef& : 108 mg, 1.6 mmol, 5 M4 &E)%NX. K
¥ TBOP (LDLD4k : 93 mg, 0.21 mmol, 1.5% &, LDLD,LDLL mixtured& : 206
mg, 0.47 mmol, 1.5%%&),Et,N (LDLD4% : 0.12 mL, 0.84 mmol, 64 &,
LDLD, LDLL mixtureff : 0.20 mL, 1.86 mmol, 6 &) %X, 4BFREBIML .,
R TH., ERUKELN HOl 288 UDMF2 8 £ U 7. LDLD{k(XSephadex
LH-20 (2.4 x 85 cm, DMF) FIVEEi@& A 5 MM TR, #HAEEE Ucyclo(-L-
Asu(NHOH)-D-Cha-L-I1e-D-Pip-)(20 mg, 0.035 mmol) % &7=. LDLD, LDLL
mixturefki, HEDMeOHIZE M UHPLC(column : YMC-Pack €8 10 x 250 mm,
37% CH,CN/ 0.1% TFA) X AWV THEIBI L. #i#%4)% U cyclo(-L-Asu(NHOH)-D-
Cha-L-1le-D-Pip-) (27 mg, 0.047 mmol, #EEE 100%), cyclo(-L-Asu(NHOH)-D-
Cha-L-Ile-L-Pip-) (51 mg, 0.090 mmol, #fE 93%) %15 7/-.
cyclo(~-L-Asu(NHOH)-D-Cha-L-1le-D-Pip-)
HPLC : Rt=21.34 min (column : wakosil Il 5C18, 4.5 x 150 mm, 10-100%
linear gradient CH,CN / 0.1% TFA over 30 min)
cyclo(-L-Asu(NHOH)-D-Cha-L-1le-L-Pip-)
HPLC : Rt=18.79 min (column : wakosil Il 5C18, 4.5 x 150 mm, 10-100%
linear gradient CH,CN / 0.1% TFA over 30 min)
FAB-MS (2,2’ -dithiodiethanol) : m/z=564 [M+H]+
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. (£MEHI1 1) CHAP-84;cyclo(-L-Asu(NHOH)-D-Cha ~L-Leu-L-Pip-). CHAP-
85;cyclo(-L-Asu(NHOH)-D-Cha -L-Leu-D-Pip-) D& EK

CHAP84 CHAP85
BMEBRT b5 < 7F KOAME. FEHEH 1 O (CHAPSS, CHAPST) I e L 47
27z, 727U, Boc-L-Leu-D,L-Pip-0BzID&HEIZ DWW Tid., BOPEE (1.5 4
‘ ). HOBt H,0 (L.5%B)%* B\,
cyclo(-L-Asu(NHOH)-D-Cha-L-Leu-D-Pip-)
HPLC : Rt=20.89 min (column : Qakosil 11 5C18, 4.5 x 150 mm, 10-100%
lineargradient CH,CN / 0.1% TFA over 30 min)
cyclo(-L-Asu(NHOH)-D-Cha-L-Leu-L-Pip-)
HPLC : Rt=18.33 min (column : wakosil II 5C18, 4.5 x 150 mm, 10-100%
linear gradient CH,CN / 0.1% TFA over 30 min)
FAB-MS (2,2’ -dithiodiethanol) : m/z=564 [M+H] +
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(EHEfFl 1 2) CHAP-78;cyclo(-L-Asu(NHOH)-D-Cha-L-Cha-L-Pip-). CHAP-
79;cyclo(-L-Asu(NHOH)-D-Cha-L-Cha-D-Pip-) D& B

NH NH

ho” . ho”

CHAP78 CHAPT79

REBRRT MSRTF ROEEIL. EHEFI 1 0 (CHAP8G, CHAP8T) I #E L THT
27, 7272 U. Boc-L-Cha-D,L-Pip-0Bzl DEALIZ DWW Tid, DCC (1.3% &),
HOBt H,0 (1.3%E)% 7.
cyclo(-L-Asu(NHOH)-D-Cha-L-Cha -D-Pip-)
HPLC : Rt=26.20 min (column: wakosil II 5CI8, 4.5 x 150 mm, 10-100%
linear gradient CH,CN / 0.1% TFA over 30 min)
cyclo(-L-Asu(NHOH)-D-Cha-L-Cha -L-Pip-)
HPLC : Rt=23.36 min (column : wakosil II 5C18, 4.5 x 150 mm, 10-100%
linear gradient CH,CN / 0.1% TFA over 30 min)
FAB-MS (2,2’ -dithiodiethanol) : m/z=604 [M+H] +

(BAERMI 1) MHC class— [ FHRB{BHEEH

ERHEDBRRT M SR TF RF”EDHE TS MIC class— I FHEILEE
RELTORRIZLIVRIEL . B, FRRIIBVWT, Sl AVT. &
RADBERT PSR TF FRBEGEERAEIEBI LT, MIC class— 197 %
EAREI NG & A RIEL 7. |
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AR

Awr-Eflald, KEEILEREFRL)SBEZTAIVAAS ) —<
TdHHBI6/BL6fRARXERAL /-, ZMMADOERIL. 10% FBS% &0 U /- MEMEE ik
ZRW, 3TC, S—MILRBEEFET. KEKEHOLU A vyFax—2—2A
TiTo 7=,

HRILEMIZ., FOIUAFIANHRFT KRNSO IZEMRL. BE100 M I
10 MO REHBICAB U, £ ANV TFT7EFS—VYEBEREEEEELE
THIELMHBALTWE MY IRZFUATERS (MM LVBA) 2. A
U<DMSOIZiEfR L. BES mg/ml (16.54 mM) DEFEBFBICFEAB LA, MY IR
BFAI CRADMUTFTEF IS —VEBERBEFEICEE T AMHC class— 14
FREREFEAOEBETBILEME Uk, 28, HBRLEYEBBROBIE YL L
TRHOSMS0E, FRRICEWTAEBHICEMBANBEATS I L1223 5,
HRICHVWVONDIRABRDHEATIE. REBRIIEEBYRIFI RV LIZE
MR /.

Ri320DB16,/ BL6AHA % 50008,/ wel IOMBEE T 9 6 Rv A 707 L — Mz
BEL. Bwell L) LROFM2200u IFT, 2 4FFRERL 2B, HBRILE
MOBRBRFFERZBMICFRU MO 1 2FML., 3 S 7 2BHER
Ul TODHE, &well&PBS (V VEERER) CT—R%kEL. 2ETIHER
Ut e RO, 0. 157V E VT IVFE RBKRT3AHALEL, HMlaDEE
2{To7=, A

BEE L MBEEICERL TWAMHC class— I3 FORIZ. UTOHETHE
EL7m, —RFEEL LT, 7 ADMIC class— I FIox3 3546 TdH 3 Hil-
DD (HRRS  BRALE) &MV, XKL LT, EAFULHTY
AlgGiM (HfR& ; 7 I avH) AV, RVWT., EEERLLT. ANV
MNTEY V=B =470 & —YarTay—» (HERS ; BRLE) 2 KiE
SX, LROFETEREIN-ZBRE - H5I7 V4 —FRE, BEL LT,
4-methylumbelliferyl- B -D-galactoside (HERG: : RETFHIA TV )
TRV, BRRIDOEBYICEET 2806HE (B : 365nm. 3% : 450nm)
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YA 707V—hMY—&—THRELA., 28, HRLEEDOFMELXSZL L
HlDwel LIZx U T, BiRO—RAGZHME T, THLURIZR URIELHE
L. Z03Dwel HZBWTHIR I NI HENSBEE NNV I TS5 FOKEL L X,
ERIZAEINBME (NV 7757 REGAERBIIOME) 6, FEdON
VI TSV RDOKEEZELUSIWAERL, BRELUTWVWAMC class— 14 FEER
My 2EDHEML U,

ZH, BRICSHOFME*TL UABHE*SRBELL. ZOBIIBVWTHEE
UTWAMHC class— I3 FEOBEE* HEMFE Uz, SERIELEMOFME
EZBlr3, RBEUTWVAMIC class— I FRIX. BIZORE[E 1 L35
SHETRL., HBLEMOEHBEIXFER Y ZFICBETSRE (Cx2) T
B/,

EREHADBRT SR TF RBFHEE KT I AMERO—MER 1 ITRT.
ZORIVIZRTHRRT M SARTF RIIMTNEHMIC class-143 FOFB B EME
IEND Z L REES A,

£1
HEALEW 21FREBEC,,
CHAP15 33.2 nM
CHAP54 5.67 nM
CHAPS5 5.38 nM
CHAPT71 2.76 M
CHAP76 1.88 nM
CHAPTS- 2.35 nM
CHAPT79 2.79 nM
CHAP81 1.29 nM
CHAP82 2.69 nM
CHAP83 2.29 M
CHAP84 5.65 nM
CHAP85 2.26 oM
CHAP86 3.29 nM
CHAP87 5.39 nM
CHAP90 3.96 nM
CHAPY1 2.48 nM
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(ABkf12) histone deacetylaseBsSEH T &M

ERULKBRF VIS T 2MBERIIBITIHEN. ERICAEPHOBRRKT b
IRTFRAEBYILLZL ANV FTEFS—CYOBREELHEEICLZZ L
DETLBZENT. KERBOBRT b5 RTF K{LAWH. in vitroDRIC
BWT, EAMYTFT7EF 5 YORBESMLHEETSI L 2 UTOFMIC &
DRRFEL 7=,

REBEAE

LARYFT7EF S —EORBIIEELMICIZEFEHS (J. Biol. Chem. 265,
17174-17179, 1990) DFEIZH > TIT > 7=, BEIIBI6/BLEMMH» b o F Rl
Ut D%MAL -, fMEa%HDA buffer (15 mM Y VB A VY Y A, 5% Y 0O
—J)v. 0.2 mM EDTA, | mM 2-mercaptoethano! ., pH 7.5) {Z8&@EL. JsEY S
A XU Tt BLTHEED (2500xg, 10 min) . 1 M (VH,),50,% &
bufferd CHUBEY 4 XU, BEEBERLELNLT, RERLALERD
(NH),SO B %#3.5 METERIY, LARNYFTLFS—VERBE -,
CDILEY % HDA bufferiZ B L., Y VB THDA bufferiZBE# L. A
histone deacetylase@###&E & U THW /-,

HEBELLT, EREBRTFKR ‘; [*H]acetylated histone H4 peptide% f
W7, ZM[*H]acetylated histone H4 peptideld. & A b VHADNER TF
K ; SGRGKGGKGLGKGGAKRHRKVC (CRICIZVRAFA v %23 THhB) &ML,
SH-fEKEFBR T 7T 2 F L L., HE L U THW -,

TS 3BRIEEVDOEET. AREEBR L BRBRELITCTIKM >+
AR—=RFBILIZEVTo4 (RISERIOu]) . RIE%25u LD IM HCI,
0.2 MEFBt 2 BN TLED., BERRIGTY YD X h-[*Hlacetate 2 BBt T F ) T
i U CHUAER 2 RE L, &5, ZRMBLLT. RS ERERFM
B9, RAURELTo . BEEHEIE. SRS Bhistone deacetylase
BEREME R SONAE T B ME TR L 22 (SOVMTMmE) |

EHRO—PIER2IRT, TOR2ERTRIRT b7 <T7F KNG
LANYFTEF S —CHRMFEECENSD C L ARIES N,
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2

HBRLED S0%RH 2 1R EE
CHAP15 5.17 nM
CHAP54 3.02 nM
CHAP35 2.19 nM
CHAPT71 2.14 nM
CHAPT6 3.99 nM
CHAP78 3.88 nM
CHAPT9 3.90 nM
CHAP81 0.980 nM
CHAP82 1.12 oM
CHAP83 1.95 nM
CHAP84 2.22 nM
CHAP85 1.96 nM
CHAP86 3.14 nM
CHAP87 1.98 nM
CHAPS0 2.75 nM
CHAPO1 1.20 nM

APMETEALAZLZTOHTY., FFBIURFHELZTOEESELL
TABPHEEICL D ANDIEDET S,

B EORIFTREN:

ARROBRT NS RTF FBUANBTORENIHFEINEEIE. Z0
BNELANYTT2F5 —YBREEFERCHEL T, MIC class— 175
REE BN -EEEETS, £/ LANVTFTEF 5 —CBREE K
THMPANMAE. ERAYOEEFEALEL TS Y, BHROER LM T
20DT, BIELOMIC class— I FHRBERBREFAEXFALT. RERICISEM
BB & BBICIEET B LA TE, HBAL L TEOTHATHS. 20
. ARBEOBRS b5 RTF KBEHEOL R L FT L F 5 —CRRRER
AHAAREDTHEZDT, FAPMLHEEHELBEL T, EELMABRIIHLT
3. MBMAEEE. MRABOEEERLEORE LI T HEERSHRI
P VWHlRERD, )
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# ok o @ H

Lo =Rk (1), ("), (I') XF (1I""") TREABZBERTFSA
TF RBEERIZZORZNICHFEINDE,

0]

N i(\/\/\(
NH

R21

paes

o) ‘ f
N HN \OH a
Roo .. 0
R 0
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(R, Ry Ry RyBRURLK. TNFNMILL T, KE, EEBFHEBRY
WENEEUSRBEBRELETIZLEHIFFBRMBALTE LVRER]
~6DEMTNVFNVE, XRBFEFEHRRBRTNVFIVEE U BBERELETS
L HOEEEFRIPBELTHIVRERI~6DREDOTIVFIEELERL,
R, RERURIE, ZTHENMILL T, HECRER 1 ~602EEEELTE
FJVWHERBRI~50EHTNVF L UVESXERL, FAREHTIVIFL VE
EDOREEBET VRV VEEIEEBEEEERLTE LY, AL, —HR
(1777) IZBWVWTIE. Ry Ry RyRUR,DAREE 1 2@y 70A%I )
AFNVETHB, )

2. FIR—H8RX (1) TRINIFRAEIZROBRT FSARATF RHEHK
XIETDEENIIHFBEEINDIE.

3. HR-MRX (I') TRINGFREI ZROBRT bSRTF KGR
BT T DEEZNIIFEINDIE,

4. HIEZ—BK (I"") TREINGFEKRE I DROBRT SR TF FEH
BIXETDRENIIHFEI NS,

5. HIE—MAX (1) TRINGHARE LI ZROBRT FSRTF R
BEHENBTOEEMIIHFEINDAE,

6. @WRKHEI~S5DAANIEBOBRRKT bSARTF RFHKLIZTDEE
MICHFEI NI B e FPRPELTEFTBILA NV FT2F 5 —EHEAL

7. FEREI~S5DMhNIRBOBRT NSRTF REHBELIT T OEE
MICEFBRINELENRS L LTEE T BMIC class— 19 THRBLUBEH,
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o 8. HREL~5OMANCREORKT b7 ~TF KHEBETILE RS
MISHEB I NBEEARRA L L TEAAT 5 ERMRY.

9. MEREUTHEAINIHERESLBOEFEMRY.
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